INTRODUCTION
Postoperative hemorrhage is a wellknown complication of thyroid and parathyroid surgery and can be lifethreatening because of acute airway obstruction. Because close observation, early detection, and airway management are keys to managing this complication, the risk of postoperative hemorrhage may be a limiting factor for outpatient thyroid surgery or early discharge from the hospital. [1] [2] [3] Previous research has shown that certain patient demographics (age and male sex), underlying thyroid pathology (malignant histology), and extent of resection (total vs partial thyroidectomy) are associated with an increased risk of postoperative hemorrhage. [4] [5] [6] Although these subgroups have been identified empirically to be at greater risk of postoperative bleeding complications, there is little evidence from large-scale nationwide studies to support this notion. The rarity of neck hematoma has been a challenge in evaluating the factors associated with it.
A better understanding of risk factors for hematoma formation will help in identifying those who are at risk of this complication. The objective of this study was, using a nationwide database, to identify risk factors for the development of neck hematoma after thyroid or parathyroid surgery.
METHODS

Study Design and Data Source
This is a retrospective analysis of hospital discharge data from the Nationwide Inpatient Sample (NIS) database between 2000 and 2009. The NIS database is a component of the Healthcare Cost and Utilization Project (HCUP), sponsored by the Agency for Healthcare and Quality. This database represents the largest inpatient database in the US. The NIS represents 20% stratified random sampling of US hospitals. The database contains data from 1050 hospitals with more than 38 million discharges annually from a variable number of states, ranging from 8 in 1988 to 44 in 2009. Detailed information on the NIS design can be found online. 7 The NIS database has been used previously in studies addressing various questions across the spectrum of medical specialties, including several studies on thyroid and parathyroid surgery. 8 We used the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis and procedures codes to identify adult patients who underwent thyroid and parathyroid surgery for treatment of thyroid and parathyroid diseases and in whom neck hematoma (Codes 998.11 and 998.12) developed postoperatively during the same hospitalization. Primary ICD-9-CM diagnosis and procedure codes are shown in the Sidebars: ICD-9-CM Diagnosis Codes and ICD-9-CM Procedure Codes. Because 
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Risk Factors
Patients' demographics and clinical and hospital characteristics were examined as possible risk factors. Demographics included age at discharge, sex, race, insurance type, residential income, year of discharge, and geographic region. Hospital characteristics included hospital bed size, location of hospital (urban vs rural), teaching status of hospital, and hospital volume. Clinical characteristics included comorbidity score, obesity, smoking status, alcohol abuse, underlying diagnosis, and type of surgical procedure.
Using unique hospital identification numbers, we estimated hospital volume using a method previously described. 9 First, we calculated the total number of thyroid and parathyroid operations for each hospital during the 10 study years. We then ranked hospitals in order of increasing total volume and selected a volume cutoff (75th percentile) that sorted hospitals into 2 groups: low and high volume. Comorbidities were identified using ICD-9-CM codes and used to calculate the modified Charlson Comorbidity Index (CCI). 10 We divided patients on the basis of CCI score into 4 groups: 0, 1, 2, and ≥ 3. The most recent ICD-9 coding algorithm by Deyo et al 11 was used to identify those comorbidities (see Sidebar: List of ICD-9-CM codes for comorbidities).
The underlying diagnoses were regrouped into four main groups as follows: parathyroid disease, benign thyroid diseases, thyroid cancer, and Graves disease. Types of surgical procedures were also regrouped into five main groups as follows: parathyroidectomy, partial thyroidectomy, substernal thyroidectomy, total thyroidectomy without neck dissection, and total thyroidectomy with neck dissection (see Sidebar: ICD-9-CM Diagnosis Codes and ICD-9-CM Procedure Codes).
Outcomes
The primary dependent variable of interest was the incidence of neck hematoma. Patient and hospital characteristics were examined as possible risk factors for neck hematoma after thyroid or parathyroid surgery. Secondary analyses were conducted to examine the clinical and economic consequences of neck hematoma by comparing the hospital charges, length of stay (LOS), and inhospital mortality between patients who experienced neck hematoma and those who did not. Increased hospital charges were defined as charges above the 75th percentile. Prolonged LOS was defined as a LOS above the 75th percentile. Inhospital mortality was defined as death during hospitalization.
Statistical Analysis
Simple descriptive analyses such as counts and percentages were used to describe data. Some continuous data (age and LOS) are reported as mean or median values. Univariate analyses were performed to examine the association between the aforementioned risk factors and the incidence of neck hematoma using the c 2 test for the categorical variables and the Student t test for the continuous variables. Chi squared test also was used to compare the hospital charges, LOS, and inhospital mortality between patients who experienced neck hematoma and those who did not. We then performed a series of multivariate logistic regression analyses using forward and backward stepwise methodology and simultaneous inclusion to calculate the odds ratio (OR) and p value for the association between patients' and hospitals' characteristics as independent risk factors for neck hematoma after thyroid or parathyroid surgery. Our objective was to define the models by keeping only the statistically significant and clinically relevant predictors using backward stepwise elimination of the nonsignificant predictors.
For all statistical analyses, considering the larger sample size in this study, the threshold for significance was 0.001. All analyses were generated using SAS software, Version 9.3 for Windows (SAS Institute Inc, Cary, NC).
RESULTS
We identified 147,344 thyroid and parathyroid operations that were performed between 2000 and 2009. Among those, 2210 patients (1.5%) experienced postoperative neck hematoma. The mean age at diagnosis was 57 years (vs 53 years for patients without neck hematoma). The median LOS was 3 days (vs 1 day for patients without neck hematoma). In univariate analyses, age at discharge, sex, race, type of insurance, residential income, year of discharge, geographic distribution, 
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The risk of neck hematoma did not seem to be related to obesity. None of the hospital characteristics were statistically significant in the univariate analyses ( Table 1 ).
Factors that were found to be statistically significant in the univariate analyses were included in the multivariate analyses. The results of multivariate analyses are presented in Table 2 . Age 65 years and older (OR = 1.8, 95% confidence interval [CI] = 1.4-2.1), male sex (OR = 1.3, 95% CI = 1.2-1.4), African-American race (OR = 1.5, 95% CI = 1.2-1.7), being from the South (OR = 1.3, 95% CI = 1-1.4), comorbidity score of 3 or more (OR = 2, 95% CI = 1.6-2.6), history of alcohol abuse (OR = 2.7, 95% CI = 1.6-2.5), Graves disease (OR = 3, 95% CI = 2.1-4.1), and substernal thyroidectomy (OR = 3.3, 95% CI = 2.8-3.9) were associated with a higher risk of neck hematoma. Table 3 presents the results of the univariate analyses for the associations between neck hematoma and certain clinical and economic factors. Increased hospital charges were billed to approximately 60% of patients with neck hematoma, compared with only 23.7% of patients without neck hematoma (p < 0.001). The LOS was prolonged in 56.4% of those who had neck hematoma vs only 18% of those without neck hematoma (p < 0.001). The total number of deaths was 53 (2.4%) compared with 498 (0.3%) among patients without neck hematoma (p < 0.001; see Table 3 ).
DISCUSSION
In this large nationwide study, we found that neck hematoma is rare after thyroid or parathyroid surgery but is associated with worse clinical and economic outcomes. Age, sex, race, geographic region, comorbidity, alcohol abuse, underlying diagnosis, and type of surgical procedure were found to be independent risk factors for neck hematoma. In contrast, none of the hospital-related factors (hospital bed size, location of hospital, teaching status of the hospital, and hospital volume) were found to be associated with increased risk of this complication.
The incidence of postoperative neck hematoma in our study (1.5%) was similar to that reported in the literature (0.1%-4.7%).
1-4 Consistent with findings from previous studies, demographic characteristics such as older age 
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and male sex were independent risk factors for neck hematoma. [4] [5] [6] AfricanAmerican race was an independent risk factor for neck hematoma in this study. Similarly, patients from the South had a higher risk of neck hematoma compared with patients from other regions. To the authors' knowledge, no previous studies have examined race or geographic distribution as possible risk factors for this complication. Our findings are consistent with previous studies that failed to show any relation between obesity and risk of hematoma formation. 12 The current study findings
show an incremental trend in the incidence of neck hematoma from 2000 to 2009; this trend reaches statistical significance in the univariate but not the multivariate analyses. Promberger et al 6 reported a progressive increase in the incidence of postoperative bleeding gradually over time, reaching 2.4% during 2004 to 2008. They also showed a decline in recurrent nerve injury during the study period, suggesting that the change in surgical technique that resulted in a decline in recurrent nerve injury did not lower the risk of postoperative bleeding.
The association between Graves disease and the risk of neck hematoma observed in our study has been previously reported in the literature. In a large retrospective series of more than 7000 patients undergoing thyroidectomy, the highest percentage of patients requiring a repeated intervention for hematoma were those with underlying Graves disease. 13 Similarly, Palestini et al 14 found a statistically significant higher prevalence of Graves disease in patients requiring repeated interventions for hematoma compared with case controls. Contrarily, Graves disease was significant on univariate analysis but not on multivariate analysis in two other studies, possibly because those studies were too underpowered to detect an independent association. 2, 12 Another limitation that affects accurately defining Graves disease as a risk factor for postoperative bleeding is the varying use of preoperative iodine (Lugol solution) among surgeons, for which we could not control. The increased vascularity of the thyroid in patients with Graves disease has been well documented. 15 Furthermore, several well-conducted studies have proved the efficacy of Lugol iodine in decreasing thyroid parenchymal blood flow in these conditions. 16 We were surprised to find that benign but not malignant pathologic findings were associated with neck hematoma. Although neck hematoma was previously reported to increase in patients with malignant pathologic findings, 4 recently, a large multi-institutional international study by Campbell et al 17 reported a similar finding to our study. A possible explanation for this finding is that patients with benign pathologic findings frequently undergo thyroid lobectomy or subtotal thyroidectomy, which leaves behind vascularized thyroid tissue that could continue to bleed and lead to a hematoma. 18 In fact, Chi et al, 19 in a prospective randomized trial comparing bilateral subtotal thyroidectomy vs unilateral total thyroidectomy plus contralateral subtotal thyroidectomy for Graves disease, found a higher incidence of wound hematoma with the former.
Most of the published series in the literature included only patients who underwent a thyroidectomy, with the included patients who underwent parathyroidectomy as well as thyroidectomy and identified an equal incidence of hematoma in the two groups. Rosenbaum et al 20 reported no incidence of neck hematoma in the parathyroidectomy group. In our study, the incidence of neck hematoma after parathyroidectomy was lower than its incidence after thyroidectomy.
List of ICD-9-CM Codes for Comorbidities
Although all types of thyroidectomies were found to be associated with a higher risk of hematoma compared with parathyroidectomy, substernal thyroidectomy seemed to carry the highest risk. Intrathoracic goiters have also been postulated to have a greater propensity for postoperative bleeding. This condition was found to be a statistically significant factor in one study. 14 Goudet et al 21 also noted a 2% rate of early postoperative repeated operation for hemostasis in patients with substernal goiters compared with 1% for a matched population with cervical goiters, but this was not found to be significant. Neck dissection was performed in a small percentage (4.3%) of our patients, which is consistent with recent studies that report decreased use of neck dissection currently employed in minimal-access approaches to both the thyroid and parathyroid. 1 Previous research has shown that neck dissection performed during thyroid surgery is not associated with an increase in the risk of bleeding. In a large meta-analysis, Zhu et al 22 reported results from 9 randomized controlled trials comparing total thyroidectomy with and without neck dissection among patients with thyroid cancer; results showed no difference in the risk of neck hematoma. In our study, both thyroidectomy with and without neck dissection was compared with parathyroidectomy as a reference group. The impact of thyroid resection on risk of bleeding was also evaluated in our study. Data regarding the impact of the extent of thyroid resection (partial vs total thyroidectomy) on the risk of neck hematoma are inconsistent. Several studies showed increased risk of bleeding when total thyroidectomy is performed compared with partial thyroidectomy. 17, 20 However, the extent of thyroidectomy did not have an impact on the rate of hematoma formation after thyroid surgery according to other studies. 5, 23 Again, we did not compare partial with total thyroidectomy. Instead, both partial and total thyroidectomy (with and without neck dissection) was compared with parathyroidectomy as a reference group. Although there was a statistically significant, progressive trend for the association between the extent of resection and risk of bleeding in our study (OR = 1.4, 1.7, and 2.1 for partial thyroidectomy, total thyroidectomy without and with neck dissection, respectively), the differences were small.
Another important finding of this study was the lack of association between hospital characteristics (including hospital volume) and our outcome of interest. A similar finding has been previously reported by Sosa et al. 24 Sosa and colleagues speculated that most patients with thyroid disease are relatively young and otherwise healthy. As a result, a superior patient outcome generally does not require a large perioperative team of surgeons, intensivists, and consultants, or complex hospital equipment and monitoring. However, their speculation might not be applicable to our study as evident from the age (mean age = 57 years) and the comorbidity (44% moderate or severe comorbidity) of our patients. Furthermore, hospital-related factors failed to reach statistical significance after adjusting for age, comorbidity, and other sociodemographic factors. Although surgeon volume was not evaluated in this study, findings from our previous unpublished work 25 and several other studies 24, 26 have demonstrated the relation between surgeon experience and the risk of postoperative bleeding complications. Patients whose operations were performed by less experienced surgeons were more likely to experience complications postoperatively, including neck hematoma.
The current study was conducted using an administrative database and is subject to certain limitations. First, we did not have access to patient identifiers, and, thus, we could not link patient multiple admissions. Therefore, the study did not include patients who experienced this complication after discharge, which may have underestimated the incidence of neck hematoma. Also, for the same reason, we could not adjust for history of recurrent disease or previous surgery, which may increase the risk of neck hematoma. 27, 28 On the other hand, it must be noted that the NIS includes mostly inpatient admissions. Procedures performed in an outpatient setting may not be captured. Therefore, those patients might be high-risk patients, and our findings might not be applicable to all patients. Moreover, ICD-9-CM codes used to identify postoperative neck hematoma (998.11 and 998.12) are not specific to thyroid or parathyroid surgery. This may have resulted in capturing hemorrhages that occurred elsewhere in the body but were not necessarily caused by thyroid or parathyroid surgery, thus overestimating the incidence. Finally, the NIS lacks information on the details of the surgical technique such as suture ligation and use of certain hemostatic devices, 29 postoperative vomiting, hypertension, 30 use of drains, and use of antiplatelet and anticoagulation therapies, which have been postulated to affect the incidence of neck hematoma. 18 Moreover, factors that were not accounted for, such as disorders of hemostasis, might be of importance. Finally, the NIS has no data on the weight of the thyroid gland, which is considered by many authors as the main predictor for neck hematoma.
18
CONCLUSION
Using a large nationwide database, we found that postoperative neck hematoma is a rare but potentially life-threatening complication and is associated with increased economic burden and resource utilization. Patients' demographic and clinical characteristics, but not hospital factors, were associated with the risk of neck hematoma after thyroid or parathyroid surgery. However, all these factors except extent of surgery are patient related and, therefore, difficult to adjust. The extent of surgery might be reduced in some patients, but the choice of procedure is, in most cases, dictated by the disease. Accordingly, it seems
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